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CHICKEN INTERLEUKIN-15 AND USES 
THEREOF 

This is a divisional of U.S. patent application Scr, No. 
09/368,613 filed Aug. 4, 1999, which issued as U.S. Pat. No. 5 
6,287,554 and is a divisional of U.S. patent application Ser. 
No, 08/729,004, filed on Oct. 10, 1996 and now issued as 
U.S. Pat. No. 6,190,901. U.S. patent application Ser. No. 
08/729,004 claims priority to U.S. provisional patent appli- 
calion Serial No. 60/005,682 filed on Oct. 17, 1995. Each of lO 
these prior applications is hereby incorporated herein by 
reference, in its entirety. 

FIEU) OF INVENTION 

The present invention pertains to isolated genes encoding 
avian interleuldn-15 and to purified interleukin-15 polypep- - 
tides. 

BACKGROUND OF THE INVENTION 

20 

Most chickens produced in developed countries for con- 
sumption and egg-laying (at least 10 billion per year) are 
vaccinated to protect them against Marek's disease. All of 
the egg-laying chickens and breeder stocks are also vacci- 
nated with Newcastle Disease Virus, Infectious Bursal Dis- 25 
case Virus, Infectious Bronchitis Virus, Fowlpox \^rus and 
Coccidial vaccines. For optimal protection, Marek's vacci- 
nation is perfonned either at or before hatching. One 
obstacle to the development of efiBcacious pre-hatching and 
at-hatching vaccination regimens is that the embryonic and 30 
newly hatched avian immune system is not fully developed 
and cannot mount as effective an immune response to the 
immunogen as at 2-3 weeks after hatching. Thus, there is a 
need in the art for agents and compositions that enhance the 
effectiveness of pre- and post-batching avian vaccines. 35 

Interleukin-2 and interleukin-15 are related cytokines that 
stimulate the activity and proliferation of T cells in mam- 
mals. Though IL-2 and IL-15 both interact with the p and y 
chains of the IL-2 receptor, and may share some elements of 
tertiary structure, the two polypeptides arc not homologous ^ 
and represent distinct gene products. 

The genes encoding IL-15 from several different mam- 
malian species share a high degree of homology. For 
example, human and simian IL-15 share 97% amino acid 
homology. By contrast, chicken IL-15, which is the subject 
of the present invention, shares only 25% amino acid 
identity with mammalian IL-15. Another distinguishing 
characteristic of chicken IL-15 is that it (and not the mam- 
malian forms) is produced by mitogen-activated spleen 
cells. Accordingly, the discovery of chicken IL-15 and the ^ 
finding that it possesse.s T cell-stimulatory activity provide 
a novel reagent for vaccine augmentation in avian species. 
Without wishing to be bound by theory, the bioactivity of 
mammalian IL-15 in stimulating skeletal muscle develop- 
ment si^ests that avian IL-15s are also useful in stimulat- 
ing growth in avian species. 

SUMMARY OF THE INVENTION 

The present invention provides isolated and purified DNA go 
encoding avian interleukin-15 (IL-IS), as well as cloning 
and expression vectors comprising IL-15 DNA and cells 
transformed with IL-15-encoding vectors. Avian species 
from which IL-15 may be derived include without limitation 
chicken, turkey, duck, goose, quail and pheasant. $5 

The invention also provides isolated and purified avian 
IL-15 polypeptide, the native secreted or mature form of 
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which has a molecular mass of about 14 kDa, an isoelectric 
point of about 6.57, a net charge of -2, and a hydrophilicity 
index of 0.278, and which has the ability to stimulate 
mitogen-activated avian T cells and to promote the growth 
of other cell types. IL-15 according to the present invention 
may be obtained from native or recombinant sources. 

Also encompassed by the invention arc sequence- 
conservative and function-conservative variants of avian 
IL-15 DNA and IL-15 polypeptides, including, for example, 
a bioactive IL-15 sequence or sub-fragment that is fused 
in-frame to a purification sequence. 

In another aspect, the invention provides a method for 
enhancing an immune response in fowl to an immunogen, 
which is achieved by administering the immunogen before, 
after, or substantially simultaneously with avian IL-15 in an 
amount effective to enhance the immune response. 

In yet another aspect, the invention provides a vaccine for 
inducing an immune response in fowl to an immunogen, 
comprising the immunogen and an effective amount of avian 
interleukin-15 for immune response enhancement. The 
immunogen may be derived, for example, from avian patho- 
gens such as Marek's Disease Virus, Newcastle Disease 
Virus, Infectious Bursal Disease Virus, Infectious Bronchitis 
Virus, and the like. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an illustration of an 845 nt sequence including 
747 nt of cDNA sequence encoding cbidcen intcrleukin-15 
(IL-15) SEQ ID N0:1. 

FIG. 2 is an illustration of a 143-aoiino acid sequence 
corresponding to the chicken interleukin-15 precursor 
polypeptide (SEQ ID N0:2). 

DETAILED DESCRIPTION OF THE 
INVENTION 

All patent applications, patents, and literature references 
cited in this specification are hereby incorporated by refer- 
ence in their entirely. In case of conflict, the present 
description, including definitions, will control. 

The present invention encompasses interleukin-15 (IL- 
15) fi^om avian species. The invention provides isolated and 
purified nucleic acids encoding avian IL-15, as well as IL-15 
polypeptides purified from either native or recombinant 
sources. Avian IL-15 produced according to the present 
invention may be used in commercial fowl cultivation to 
promote growth and to enhance the efficacy of avian vac- 
cines. 

Nucleic Acids, Vectors, Transform an Is 

The sequence of the cDNA encoding chicken IL-15 is 
shown in FIG. 1 (SEQ ID N0:1), and the predicted amino 
add sequence of chicken IL-15 is shown in FIG. 2 (SEQ ID 
N0:2). The designation of this avian polypeptide as IL-15 is 
based on partial amino acid sequence homology to mam- 
malian IL-15 and the ability of the polypeptide to stimulate 
mitogen-activated T cells (see below). Furthermore, without 
wishing to be bound by theory, it is predicted that avian 
IL-15 polypeptides also exhibit one or more of the following 
bioactivities: activation of NK (natural killer) cells, stimu- 
lation of B-Cell maturation, proliferation of mast cells, and 
interaction with the beta and gamma subunits of the IL-2 
receptor. 

Because of the degeneracy of the genetic code (i.e., 
multiple codons encode certain amino acids), DNA 
sequences other than that shown in FIG. 1 can also encode 
the diicken IL-IS amino acid sequences shown in FIG. 2. 



us 6,737^22 B2 

3 4 

Such other DNAs include those coDtaining "sequence- response elements, signal sequences, polyadenylation 

conservative'* variations in which a change in one or more sequences, introns, 5'- and 3'- noncoding regions, and the 

nucleotides in a given codon results in no alteration in the like. Transcriptional regulatory elements that may be oper- 

amino acid encoded at that position. Furthermore, a given ably linked to avian IL-15 polypeptide DNA sequence(s) 

amino acid residue in a polypeptide can often be changed 5 include without limitation those that have the ability to 

without ahering the overall conformation and function of the direct the expression of genes derived from prokaiyotic 

native polypeptide. Such "function-conservative" variants cells,eukaryoticceIls, viruses of prokaryotic cells, viruses of 

include, but are not hmited to. replacement of an ainino acid eukaryotic cells, and any combination thereof. Other useful 

with one haviiig simUar physico-chemical properties, such heterologous sequences are know to those skiUed in the art. 

as, for example, acidic, basic, hydrophobic, and the like -.r.. ^ j-^j 

t 1 . r 1 • -.1. ■ • ^ . ^" Ine nucleic acids 01 the present mvention can be modified 

(e.g., replacement of lysine with arginine, aspartate with , uuvaviv. oviuo vi lu 7-" *" . vou i/v luwuiuw^j 

giutamate, or glycine with alanine). In addition, amino acid ''^ 'l^T . '° \ ^ ' 

sequences ma? be added or deleted without destroying the ^^^^^^\y' yS^M^. bmding affinity, and speafiaty. For 

bioactivity of the molecule. For example, additional amino "^^f^?^"' sequences can be selecUvely methylated. The 

acid sequences may be added at either amino- or caiboxy- , , aad sequences of the present mvenuon may also be 

terminal ends to serve as purification tags, (i.e., to aUow "^'V ^f"^ "J'^'^ of providmg a detectable 

one-step purification of the protein, after which they may be "^S"^!* ^'^^ ^^^"^ mdirecUy Exemplary labcb include 

chemically or enzymaUcally removed). Alternatively, the "dioisotopes. fluorescent molecules, biotm, and the like, 

additional sequences may confer an additional ceU-surface '^^ present invention also provides vectors that include 

binding site or otherwise alter the target ceU specificity of „ Q^^l^ic acids encoding the avian IL-15 polypeptide(s). Such 

IL_15 vectors include, for example, plasmid vectors for expression 

'ITie chicken IL-15 cDNAs within the scope of the present ''^ ^*"«^y eukaryotic and prokaryotic hosts. Preferably, 

invention are those of FIG. 1, sequence-conservative variant ^^"^ ^"'^l"*^^ ^ promoter operably linked to the avian 

DNAs. DNA sequences encoding function-conservaiivc ^'^^ polypeptide encodmg portion. The encoded avian 

variant polypeptides, and combinations thereof. The inven- „ ^^'^^ polypeptide(s) may be expressed by usmg any suitable 

tion encompasses fragments of avian interleukin-15 that ^^^^^'^ ^ explained herein or otherwise 

exhibit a useful degree of bioactivity, either alone or in ^^^^ *° skilled m the art. 

combination with other sequences or components. As Vectors will often include one or more replication systems 

explained below, it is well within the ordinary skill in the art for cloning or expression, one or more markers for selection 

to predictively manipulate the sequence of IL-15 and estab- 30 ^ *^ost such as, for example, antibiotic resistance, and 

lish whether a given avian IL-15 variant possesses an one or more expression cassettes. The inserted coding 

appropriate stability and bioactivity for a given application. sequences may be synthesized, isolated from natural 

This can be achieved by expressing and purifying the variant sources, prepared as hybrids, or the like. Ligation of the 

IL-15 polypeptide in a recombinant system and assaying its coding sequences to the transcriptional regulatory sequences 

T-cell stimulatory activity and/or growth-promoting activity 35 ™ay be achieved by methods known to those skilled in the 

in cell culture and in animals, followed by testing in the f rt- Suitable host cells may be transformed/transfected/ 

application. infected by any suitable method including electroporation, 

The present invention also encompasses IL-15 DNAs CaQ^- or liposome-mediated DNA uptake, fungal infection, 

(and polypeptides) derived from other avian species, includ- microinjection, microprojecUle, or the like, 

ing without limitation ducks, turkeys, pheasants, quail and 40 Suitable vectors for use in practicing the present invention 

geese. Avian IL-15 homologues of the chicken sequence include without limitation YEp352, pcDNAI (In Vitrogen, 

shown in FIG. 1 arc easily identified by screening cDNAor San Diego, Calif.), pRc/CM V (In Vitrogen), and pSFVl 

genomic libraries to identify clones that hybridize to probes (GIBCO/BRL, Gaithersburg, Md.). One preferred vector for 

comprising all or part of the sequence of FIG. 1. use in the invention is pSFVl. Suitable host cells included. 

Alternatively, expression libraries may be screened using 45 Co/i, yeast, COS ceUs,PC12 cells, CHO cells, GH4C1 cells, 

antibodies that recognize chicken IL-15. Without wishing to BHK-21 cells, and amphibian melanophore cells. BHK-21 

be bound by theory, it is anticipated that IL-15 genes from ceUs are a preferred host cell line for use in practicing the 

other avian species will share at least about 70% homology present invention. 

with the chicken IL-15 gene. Also within the scope of the Nucleic acids encoding avian IL-15 polypeptide(s) may 

invention are DNAs that encode chicken homologues of 50 also be introduced into cells by recombination events. For 

IL-15, defined as DNA encoding polypeptides that share at example, such a sequence can be microinjecled into a cell, 

least about 25% amino acid identity with chicken IL-15. effecting homologous recombination at the site of an endog- 

Generally, nucleic acid manipulations according to the enous gene encoding the polypeptide, an analog or pseudo- 
present invention use methods that are well known in the art, gene thereof, or a sequence with substantial identity to an 
such as those as disclosed in, for example, Molecular 55 avian IL-15 polypeptide-encoding gene. Other 
C/o/i//ig,A Loftora/ory Mortwa/ (2nd Ed., Sambrook,Fritsch recombination-based methods such as non-homologous 
andManiatis, Cold Spring Harbor), or Ciirren//'TO/oco/si>i recombinations, and deletion of endogenous gene by 
Molecular Biology (Eds. Aufubel, Brent, Kingston, More, homologous recombination, especially in plur^wtent cells, 
Feidman, Smith and Stuhl, Greene Publ. Assoc., Wiley- may also be used. 
Interscienoe, NY, N.Y, 1992). sa IL-15 Polypeptides 

The present invention encompasses cDNA and RNA The chicken IL-15 gene (the cDNA of which is shown in 

sequences and sense and antisense sequences. The invention FIG. 1) encodes a polypeptide of 143 amino acids (FIG. 2). 

also encompasses genomic avian IL-15 polypeptide DNA Without wishing to be bound by theory, by comparison with 

sequences and flanking sequences, including, but not limited simian IL-15, and by use of an accepted procedure to predict 

to, regulatory sequences. Nucleic acid sequences encoding 65 signal peptidase cleavage sites (\bn HcijoCtNucAcidsRes., 

avian IL^IS polypeptide(s) may also be associated with 14:4683, 1986), it is predicted that an aminoterminal leader 

heterologous sequences, including promoters, enbanoeis, sequence of about 22 amino adds (secretion signal peptide) 



us 6,737,522 B2 

5 6 

is cleaved from the primary translation prcxhict to produce Aoti-avian IL-15 antibodies may be used to identify and 

mature IL-15. The predicted mature sequence of 121 amino quantify avian IL-15, using immunoassays such as ELISA, 

acids is further characterized by a predicted molecular RL\, and the like. Anti-avian IL-15 antibodies may also be 

weight of 13,971 daltons; an isoelectric point of 6.57; four used to immunodeplete extracts of avian IL-15. In addition, 

cysteine residues (at amino adds numbers 63, 70, 116, and 5 these antibodies can be used to identify, isolate, and purify 

119 in the precursor IL-15 shown in FIG. 2) that correspond avian IL-15s fiom diflfeient sources, and to perform subccl- 

to four cysteines conserved among human, mouse, and lular and histochemical localization studies, 

monkey IL-15 and that are beUcvcd to participate in Applications 

intramolecular disulfide bonding; and one consensus site for Avian IL-15 produced according to the present invention 

N-linked glycosylation (at asparagine 110 of the sequence 10 can be used beneficially in homologous or heterologous 

shown in FIG. 2) which corresponds to a simflar site in avian species, for example, to stimulate activated T-cells 

human IL-IS. (Grabstein el al.. Science, 264:965, 1994) and B-cells 

Purification of IL-15 from natural or recombinant sources (Armitage ct al., J. Immunol, 154:483, 1995) and/or to 

may be achieved by methods well-known in the art, includ- promote the growth of non-immune cells, such as, for 

ing without limitation ion-exchange chromatography, 15 example, muscle cells (Quinn ct al. Endocrinol. 136:3669, 

reverse-phase chromatography on C4 colimins, gel filtration, 1995). 

isoelectric focusing, affinity chromatography, immunoafi&n- Vaccines 

ity chromatography, and the like. In a preferred embodiment. The present invention encompasses methods and compo- 

large quantities of bioactive IL-15 may be obtained by sitions for enhancing the efficacy of an immune response in 

constructing a recombinant DNA sequence comprising the 20 avian species. In this embodiment, avian IL-15 is used in 

coding region for IL-15 fused in frame to a sequence conjunction with an immunogen for which it is desired to 

encoding 6 C-terminal histidine residues in the pSFVl elicit an immune response. For example, in avian vaccines, 

replicon (GIBCO/BRL), mRNA encoded by this plasmid is such as those against Marek's disease, Newcastle Disease 

synthesized using techniques well-known to those skilled in Virus, and other pathogens such as Infectious Bursal Disease 

the art and introduced into BHK-21 cells by eleciroporation. 25 Wus and Infectious Biondiitis Virus, it is desirable to 

The cells synthesize and secrete mature glycosylated IL-15 include avian IL-15 in the vaccine to enhance the magniUide 

polypeptides containing 6 C-terminal histidines. The modi- and quality of the immune response. For this purpose, IL-15 

fied IL-15 polypeptides are easily purified from the cell purified from native or recombinant sources as described 

supernatant by affinity chromatography using a histidine- above is included in the vaccine formulation at a concen- 

binding resin (His-bind, Novagen, Madison, Wis.). 30 tration ranging from about 0.01 fi% to about 1.0 per 

Avian IL-15 polypeptides isolated from any source can be vaccine per chicken, 

modified by methods known in the art. For example, avian IL-15 may be administered in conjunction with a live (i.e., 

IL-15 may be phosphorylated or dephosphorylated, glyco- replicating) vaccine or a non-replicating vaccine. Non- 

sylatcd or dcglycosylated, and the like. Especially useful are limiting examples of replicating vaccines are those compris- 

modifications that alter avian IL-15 solubility, stability, and 35 ing native or recombinant viruses or bacteria, such as 

binding specificity and affinity. modified turkey herpesvirus or modified fowlpox virus. 

Anti-IL-15 Antibodies I^on-hmiting examples of non -replicating vaccines are those 

The present invention encompasses antibodies that are comprising killed or inactivated viruses or other 

specific for avian IL-15 polypeptides identified as described microorganisms, or crude or purified antigens derived from 

above. The antibodies may be polyclonal or monoclonal, 40 native, recombinant, or synthetic sources, such as, for 

and may discriminate avian IL-15s from different species, example, coccidial vaccines. Commercial sources for avian 

identify fiinctional domains, and the like. Such antibodies vaccines include without limitation: Rhone Merieux 

are conveniently made using the methods and compositions Laboratoire-IFFA (Lyon, France); Intervet International BV 

disclosed in Harlow and Lane, Antibodies, A Laboratory (Boxmeer, The Netherlands); Mallinckrodt Veterinary; 

Manual, Cold Spring Harbor Laboratory, 1988, other refer- 45 Solvay Animal Health (Mendota Heights, Minn.); Hoechst- 

ences cited herein, as well as immunological and hybridoma Roussel (Knoxville, Tenn.); and Nippon Zieon Co., Ltd. 

technologies known to those in the art. Where natural or (Kawasaki-Kiu, Japan). 

synthetic avian IL-15-derived peptides are used to induce an In one embodiment, the gene encoding IL-15 is incorpo- 

avian IL-15-specific immune response, the peptides may be rated into a recombinant virus, which is then formulated into 

conveniently coupled to a suitable carrier such as KLH and 50 a live vaccine. The IL-15 gene is incorporated into the virus 

administered in a suitable adjuvant such as Freund's. so that its expression is controlled by an appropriate pro- 

Preferably, selected peptides are coupled to a ly^ne core moter. Administration of the vaccine results in the oqpres- 

carrier substantially according to the methods of Tam (1988) sion of bioactive IL-15 in close temporal and spatial prox- 

Proc. NatL Acad. Sci. USA, 85:5409-5413. The resulting imity to the desired immune response, thus enhancing the 

antibodies may be modified to a monovalent form e.g. Fab, 55 vaccine's efficacy. 

FAB', or FV. Anti-idiotypic antibodies, especially internal IL-15 may be administered to birds as part of a vaccine 

imaging anti-idiotypic antibodies, may also be prepared formulation either before or after hatching, preferably before 

using known methods. hatching, using methods known in the art such as those 

In one embodiment, purified avian IL-15 is used to described in U.S. Pat. Nos. 5,034,513 and 5,028,421. 

immunize mice, after which their spleens are removed, and 60 Growth Promotion 

splenocytes used to form cell hybrids with myeloma cells to The present invention provides methods and composi- 

obtain clones of antibody-secreting cells according to tech- tions for enhancing the growth of avian species for medical 

niques that are standard in the art. The resulting monoclonal and/or commercial purposes. In this embodiment, IL-15 is 

antibodies secreted by such cells are screened using in vitro administered to birds using any appropriate mode of admin- 

assaj^ for the following activities: binding to avian IL-15, 65 istration. For growth promotion, IL-15 is administered in 

inhibiting the receptor-binding activity of IL-15, and inhib- amounts ranging from about 0.25 jug/kg/day to about 25 

iting the T-cell stimulatory activity of IL-15. ;igA(g/day. It will be understood that the required amount of 
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IL-15 can be determined by routine experimentation well- Model 373A sequencing system. The flanking T7 and SP6 

known in the art, such as by establishing a matrix of dosages primers contained in the pcDNAl vector were used to prime 

and frequencies and comparing a group of experimental the sequencing reaction. Two of the clones, 62.16.2 and 

units or subjects to each point in the matrix. M2.12.1, were identical and coded for the cDNA sequence 

According to the present invention, native or recombinant 5 shown in FIG. 1. Clone F19.S4 was similar to those two 

avian IL-15 may be formulated with a physiologically clones, but was missing the 20 nt at its 5' end (i.e., starting 

acceptd}le carrier, such as, for example, phosphate buffered at the first ATG of the coding region) and contained a poly 

saline or deionized water. The formulation may also contain T tail of at least 100 nt at its 3' end. 

excipients, including lubricant(s), plasticizei(s), colorant(s), jhe entire 747 nt sequence (FIG. 1, SEQ ID N0:1) was 

absorption enhanoer(s), bactericide(s), and the like that are lo analyzed using a BLAST search (which accesses all of the 

well-known in the art. The IL-15 polypeptide of the inven- major intemational nucleodde data banks). No significant 

tion may be administered by any effective means, including homology was detected with any other known sequence. The 

without limitation intravenous, subcutaneous, sequence was also analyzed using the MacVector software 

intramuscular, transmucosal, topical, or oral routes. For program (MacVector 4.0; Intemational Biotechnologies, 

subcutaneous administration, for example, the dosage form 15 inc., New Haven, Cbnn.) on a Mac lici computer. This 

may consist of IH5 in sterile physiological saline. For oral analysis revealed an open rcadiiig frame flanked at its 5* end 

administration, IL-15, with or without excipients, may be by a Kozak consensus sequence for translation initiation, 

micro- or macro-encapsulated in, e.g., liposomes and micro- The predicted amino acid sequence of this open reading 

spheres. Dermal patches (or other slow-release dosage frame is shown in FIG. 2 (Seq ID NO: 2). This amino acid 

forms) may also be used. 20 sequence was analyzed using a BLASTP search (which 

The following examples are intended to further illustrate accesses all of the major international protein data banks) 

the invention without limiting its scope thereof. reveaUng significant homology with monkey and human 

precursor IL-15. 

EXAMPLE 1 *^ ,p. A- , A ■ -A f ic 

rhe predicted ammo acid sequence of chicken IL-15 

Qoning of the Chicken IL-15 Gene "^^"^^ ^ ^^'^ polypeptide having a predicted 

molecular weight of 16,305 and an isoelectric point of 6.37. 

To clone chicken IL-15, a diicken spleen cell cDNA Based on the hydropbobicity of its amino terminal end and 

hbrary derived from spleen cells that had been activated by comparison with known signal peptide cleavage sites 

with concanavalin A was utilized (Kaplan, J. Immunol, (von Heijne, Nucleic Acids Res. 14:4683, 1986) it is pre- 

151:628, 1993). 5000 colonies were grown overnight at 35' dieted that cleavage between glycine-22 and alanine-23 

C. on LB agar plates containing 30/ig^l ampicillin and 10 results in the removal of an aminoterminal leader sequence 

/ig/ml tetracycline. 15-20 colonies were pooled and trans- of about 22 amino acids (secretion signal peptide) from the 

ferred to 10 ml Terrific Broth (containing the same primary product to produce mature IL-15. 

antibiotics) and grown overnight. Plasmid DNA from each jhe predicted mature IL-15 sequence of 121 amino acids 

pool was then isolated by published procedures (Maniaiis, has a predicted molecular weight of 13,971. an isoelectric 

Section 1.28), treated with RNAasc (10 /<g/ml), and stored point of 6.57, and a possible N-linked glycosylation site (at 

in TE buffer. asparagine 110 of HG. 2). Comparisons between the pre- 

llie plasmid DNAs were transfected into C0S-7(A1'CC) dieted amino acid sequences of IL-15 from monkey, human, 

cells using Lipofectamine (GIBCO/BRL, Gaithersburg, ^ mouse and chicken and analysis of the tertiary su^icture of 

Md.). 1 of each plasmid pool was mixed with 3 /d monkey IL-15 (Grabstein, Science, 264:965, 1994) suggest 

Lipofectamine in 100 fil Opti-MEM medium (GIBCO/ that four cysteines in chicken IL-15 (positions 63, 70, 116 

BRL), incubated for 30 min, and then placed on COS-7 cells and 119 of precursor IL-15, FIG. 2) are conserved and form 

that had been grown to 80-90% confluence in 12-weU plates intrachain disulfide bonds, 
and rinsed in serum-free medium. The ceUs and DNA were 

incubated for 5 hrs at 37° C. with Dulbecco's MEM in the EXAMPLE 2 
absence of serum and antibiotics, and then supplemented 

with the same medium containing 10% fetal calf serum and Bioactivity Assay for Chicken IL-15 

incubated overnight at 37** C. The next day, the medium was Bioactivity assays for IL-15 are performed as foUows: 

replaced with Dulbecco's MEM containing 10% fetal calf Concanavalin A (ConA)-activated splenic T cells are pre- 

serum, penicillin, and slrepiomycm. After an additional 24 by incubating chicken spleen ceUs (10"' cells/ml) with 

hrs of incubation, the medium was collected and stored at Con A (10 figfm\) (Sigma Chemical Co., St. Louis, Mo.) in 

-20** C. RPMl 1640 medium (Sigma) containing 2 mg/ml BSA, 

The cell supematants were tested for IL-15 activity as antibiotics and glutaraine at 40* C. for 24 hrs. The medium 

described in ^cample 2 below. Five poob with the highest 55 is then replaced with Iscoves' medium (Sigma) containing 

stimulation indices (1.6 to 2.1) exhibited levels of activity 2% normal chicken serum (Sigma) and 0.05M alpha-methyl 

that were greater than 2 standard deviations from the mean pyrannoside (Sigma) for an additional 2-4 days, diluting the 

of the remaining 278 pools. Three of the five pools remained cells in additional medium as needed. Blast cells are purified 

positive in a second screen, and were subdivided into pools from this mixture by gently layering them on a Histopaque 

of 6. Plasmid DNA extracted from the secondary pools was ^ density gradient (Sigma) and centrifuging them according to 

used to transfect COS-7 cells and the supematants were the manufacturer's instructions. Hie cells are then washed 

tested for IL-2-Uke activity. As described below in Example three times and finally resuspcnded in assay medium 

2, three positive pools were identified and subdivided to (Iscoves' containing 2% normal chicken serum (Sigma)), 

yield individual clones; from each pool at least one positive por the assay, 2x10" blast cells are placed in loundbottom 

clone was isolated. 65 95 v^rell plates in assay medhim containing IL-15 (such as, 

The complete cDNA inserts of all three positive clones e.g., dilutions of supernatant from transfected COS-7 cells) 

were sequenced using the automated implied Biosystems or appropriate controls. After overnight incubation at 40" C, 
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the cells are pulsed for 6 hrs with ^H-thymidine (0.5 ;iCi) 
(New England Nuclear, Boston, Mass.)4fluorodeoxyuridine 
(lO'^M) (Sigma). The cells are then harvested on glass fiber 
filters (Whatman, Clifton, NJ.), and the radioactivity is 
measured in a liquid scintillation counter. IL-15 is expressed 
as a simulation index, which is the radioactivity in experi- 
mental samples — the radioactivity in controls (non- 
transfected COS-7 supemaunts). A typical resuh is shown in 
Tabic 1. 
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mg total protein, with up to 5% comprising a recombinantiy 
expressed and secreted protein. This corresponds to approxi- 
mately 1.25 mg of cIL-lS. 

EXAMPLE 4 
Use of Avian lL-15 in Vaccines 
The following experiments arc performed to evaluate the 
immune-enhancing activity of chicken IL-15 in chidcen 
vaccines. 



TABLE 1 

SOURCE 



OF PLASMID 

DNA 


DNA 

Designation 




Stimulation indices 




3/10 dU' 


1/10 da" 


1/33 dii" 


1/100 dil* 


PRIMARY 


A19 


1.6 


1.9 


1.3 


1.2 


POOLS 


B2 


2.1 


4.2 


2.3 


1.7 




E7 


1.8 


1.7 


1.5 


0.9 




F19 


1.8 


3.5 


2.0 


1.2 




M2 


1.7 


3.2 


1.9 


1.3 




Ave. of 278 * SD 


1.1 « 0.1 










Ave. of 3 Ncg. pools 




1.4 


1.3 


1.1 


SECONDARY 


A19.7 




0.7 


1.9 




POOLS 


B2.16 




6.0 


3.5 






F19.8 




9.8 


3.4 






M2.12 




3.2 


2.2 




INDIVIDUAL 


B2.1&2 




6.6 


3J 


2.7 


CLONES 


F19.8.4 




7.5 


4.0 


3.0 




M2.12.I 




7.2 


3.9 


3.6 



*Fint screening at 1/10 dil. 

''A repeat tnuisfection using 5 positive and 3 negative primary pools 



EXAMPLE 3 

Expression and Purification of IL-15 

To obtain high-level expression of chicken IL-15 in 
mammalian cells, the pSFVl eukaryotic expression vector 
(which inchidcs the Semliki Forest Vitus replicon) is used 
(GIBCO/BRL, Gaithersburg, Md.). Use of this vector allows 
for signal peptide cleavage, glycosylation, and secretion of ^ 
mature active protein. In one embodiment, the recombinant 
vector encodes an additional six histidine residues at the 
carboxy terminus of the native IL-15 sequence, allowing the 
efficient single step purification of the secreted protein on a 
nickel column (Novagen, Madison, Wis.). 

Primers were constructed that include 5' and 3' sequences 
flanking the coding region of IL-15 cDNA. The 3' primer 
also includes nucleotides coding for 6 histidines. These 
primers were used in polymerase chain reaction (PGR), 
using as a template the entire IL-2 cDNA contained within 50 
the pcDNAl plasmid. The resulting amplified cDNA 
including the hi.stidine -coding sequences, was ligated into 
the pSFVl plasmid (GIBCO/BRL). The plasmid was 
obtained by transforming DH5 £. coU (GIBCO/BRL) and 
selecting transformants on agar plates and broth containing 55 
ampicillin. 

This plasmid is used as a template to produce mRNA in 
vitro, using manufacturer's protocols. The mRNA is trans- 
fected into BHK-21 cells by electroporation, using 10 jUg 
RNA per 10^ cells, after which the cells are incubated for 60 
1-3 days. Hie cell supernatant is harvested and passed 
through a resin matrix (His-Bind resin; Novagen, Madison, 
Wis.) using a suitable buffer system (His-bind buffer kit; 
Novagen). Up to 20 mg of tagged protein can be purified on 
a single 2.5 ml cohimn. The IL-15 is eluted from the column 6S 
with the elution buffer provided in the kit. It is estimated that 
BHK-21 cells growing in 50 ml medium synthesize about 25 



Chicken IL-15 cDNA is inserted into two viral vectors 
(derived from turkey herpesvirus and fowlpox virus, 
respectively) that are used for the expression of recombinant 
proteins in chickens (Morgan et al.. Avian Diseases, 36:858, 
1992; Yanagida et al, J. VirvL, 66:1402, 1992; Nazerian et 
al., J. Virol, 66:1409, 1992). These IL-15-modified live viral 
vectors are administered to newly hatched chicks simulta- 
neously with the admLDislration of various vaccines cur- 
rently available. Six days later the chicks are challenged 
with the corresponding virulent viruses and observed for 8 
weeks for the development of disease. The incidence of 
disease in these chicks is compared with controls that do not 
receive the IL-15-modified live viral vectors. A sample 
protocol (including expected results) is shown in Table 2. 



TABLE 2 





Treatment 


Challenge 


% expected 


Groiq># on day 1 


at day 6 


with disease 


1 
2 


none 
none 


none 

virulent Maielc's 


0 

>80% 


3 


HVT (not modified) 

Hvr-ins* 


viiulent Marek's 


20% 


4 


virulent Marek's 


OtolO% 


5 


HVT (not modified) + 
HVr-IL-15 


virulent Marek's 


0 to 10% 


6 


none 


virulent NDV 


>80% 


7 


HVr-IF-15 


virulent NDV 


30% to >50% 


8 


NDV vaccine 


virulent NDV 


20% 


9 


NDV vaccine + 
HVT-IUS 


virulent NDV 


OtolO% 



'heipesviius of tuikeys expressing IL>15 



In an alternative procedure, newly hatched chicks are 
injected intramuscularly with 100 fig of a plasmid containing 
cDNA for chicken IL-15, using the methods described in 
Uhncr, J. B. Science, 259:1745-1749. 1993. These chicks, 
and control chicks receiving a control vector lacking IL>15 
cDNA, are vaccinated on day 2 with diicken vaccines and 
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then challenged on day 7 with the corresponding virulent 
viruses. They are observed for 8 weeks for sigps of disease. 
It is expected that chicks injected with the pcDNAl vector 
containing IL-IS cDNA will exhibit a reduced incidence of 
disease relative to controls. 

Finally, IL-15 protein purified by the procedure described 
in Example 3 is administered intramuscularly to chicks at 
hatching, followed by a single daily administration on each 
of Uie following four days. Chicls are divided into three 
groups, receiving 0.01, 0.1 or 1.0 /4g per injection per day. 
A fourth group receives placebo injections. At hatching all 
chicks are vaccinated with chicken vaccines and then chal- 
lenged on day 7 with the corresponding virulent viruses. 
They are then observed for 8 weeks for signs of disease. It 



12 

EXAMPLES 



Use of Avian IL-15 in Growth Ptomotion 

Mammalian IL-15 stimulates muscle growth (Quinn, L. 
S., Endocrin., 136:3669, 1995) and semi-pure chicken IL-2 
stimulates chicken body weight and increases feed conver- 
sion (U.S. Pat. No. 5,028,421). To evaluate the growth- 
promoting activity of avian IL-15, the methods described in 
Example 4 above may be used to administer IL-15 cONA in 
a viral or plasmid vectors recombinant IL15 protein. Experi- 
mental and control chicks are monitored for weight gain and 
feed conversion for a period of six weeks. It is expected that 
is expected that chicks injected with IL-15 will exhibit a 15 one or more of these protocols will enhance chicken growth 
reduced incidence of disease relative to controls. over controls. 



SEQUENCE LISTING 

<:160> KUHBER OP SEQ ID NOS: 2 

<210> SEQ ID HO 1 
<2ll> LENGTH* 747 
<212> TYPE: DNA 

<213> ORGAHISHt GalluB domesticus 
<400> SEQUENCE: 1 

cagataactg ggacactgcc atga-tgtgca aagtactgat ctttggctgt atttcggtag 60 

caacgctaat gactacagct tatggagcat ctctatcatc agcaaaaagg aaacctcttc 120 

aaacattaat aaaggattta gaaa-ta-ttgg aaaatatcaa gaacaaga-tt catctcgagc 180 

tetacaeacc aaetgagaec caggagtgca eeeageaaae tetgeagtgt tacctgggag 240 

aagtggttac tctgaagaaa gaaactgaag atgacactga aattaaagaa gaatttgtaa 300 

ctgctattca aaatatcgaa aagaacctca agagtcttac gggtctaaat cacaecggaa 360 

gtgaatgcaa gatctgtgaa gctaacaaca agaaaaaatt tcctgatttt ctccatgaac 420 

tgaccaaett tgtgagatat ctgcaaaaat aageaactaa tcatttttat tttaetgeta 480 

tgttatttat ttaattattt aattaeagat aatttatata ttttateeeg tggctaacta 540 

atctgctgtc cattctggga ccactgtatg ctcttagtct gggtgatatg acgtctgttc 600 

taagatcata tttgatcctt tctgtaacct acgggctcaa aatgtacgtt ggaaaactga 660 

ttgattctca ctttgtcggt aaagtga-tat gtgtttactg aaagaatttt taaaagtcac 720 

ttctagatga eatttaataa etttceg 747 

<210> SEQ ID NO 2 
<211> LENGTH: 143 
<212> TYPE: PRT 

<213> ORGANISM: Gallua domeiticus 
<400> SEQUENCE: 2 

Met Met Cys Lys Val Leu He Phe Gly Cys He Ser Val Ala Thr Leu 
15 10 IS 

Met Thr Thr Ala Tyr Gly Ala Ser Leu Ser Ser Ala Lys Arg Lys Pro 

20 25 30 

Leu Gin Thr Leu He Lys Asp Leu Glu lie Leu Glu Asn He Lys Asn 
35 40 45 

Lys He His Leu Glu Leu Tyr Thr Pro Thr Glu Utit Gin Glu Cys Thr 
50 55 60 
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-continued 

Gin Gin Thr Lau Gin Cya Tyr Leu Gly Glu Val Val Thr Leu Lys Lye 
65 70 75 80 

Glu Thr Glu Asp Asp Thr Glu He Lys Glu Glu Phe Val Thr Ala He 
65 90 95 

Gin Asn He Glu Lys Asn Leu Lys Sar Lau Thr Gly Leu Asn His Thr 
100 105 110 

Gly Ser Glu Cys Lys He Cys Glu Ala Asn Asn Lys Lys Lys Fhe Fro 
115 120 125 

Asp Phe Leu His Glu Leu Thr Asn Pha Val Arg Tyr Leu Gin Lys 
130 135 140 



What is claimed is: 

1. Aq isolated Ducleic acid which: 

(a) comprises a nucleic acid sequence having at least 70% 
sequence homology, determined by a BLAST 
algorithm, to the sequence set forth in nucleotides 
87-449 of SEQ ID N0:1; and 

(b) encodes a polypeptide capable of stimulating thymi- 
dine incorporation in mitogen activated avian T-cells. 25 

2. The complement of a nucleic acid according to claim 1. 

3. An isolated nucleic acid according to claim 1 or 2, 
which nucleic acid is an avian nucleic acid isolated from 
chicken. 

4. A vector construct comprising the nucleic acid of claim 3Q 

5. The vector construct according to claim 4, in which said 
nucleic acid is operatively associated with a promoter ele- 
ment capable of expressing the nucleic acid in a host cell. 

6. The vector construct according to claim 4, in which the 35 
construct is a recombinant virus. 

7. The vector oonstmct according to claim 6, in which the 
recombinant virus is a turkey herpes vims or a fowl pox 
virus. 

8. An isolated nucleic acid which: ^ 

(a) hybridizes to the full length of a nucleic acid having 
the complementary sequence of nucleotides 87-449 in 
SEQ ID N0:1 under conditions comprising (i) hybrid- 
ization in 6xSSC and 0.5% SDS, and (ii) washing at 
68* C. in O.lxSSC and 0.5% SDS; and 45 

(b) encodes a polypeptide capable of stimulating thymi- 
dine incorporation in mitogen activated avian T-cells. 

9. The complement of a nucleic acid according to claim 8. 

10. An isolated nucleic acid according lo claim 8 or 9, 
which nucleic acid is an avian nucleic acid isolated from 50 
chicken. 

11. An isolated nucleic add which: 

(a) hybridizes to the full length of a nucleic acid having 
the complementary sequence of nucleotides 87—449 in 
SEQ ID N0:1 under conditions comprising (i) hybrid- 
ization in 6xSSC and 0.5% SDS, and (ii) washing at 
room temperature in 2xSSC and 0.5% SDS; and 

(b) encodes a polypeptide capable of stimulating thymi- 
dine incorporation in mitogen activated avian T-cells. 



12. The complement of a nucleic acid according to claim 
11. 

13. An isolated nucleic acid according to claim 11 or 12, 
which nucleic acid is an avian nucleic acid isolated from 
chicken. 

14. A vector construct comprising the nucleic acid of 
claim 8 or 11. 

15. A The vector construct according to claim 14, in which 
said nucleic acid is operatively associated with a promoter 
element capable of expressing the nucleic acid in a host cell. 

16. The vector construct according to claim 14, in which 
the construct is a recombinant virus. 

17. The vector construct according to claim 16, in which 
the recombinant vims is a turkey herpes virus or a fowl pox 
vims. 

18. An isolated nucleic acid having an open reading frame 
that encodes a polypeptide comprising the sequence of 
amino acid residues 23-143 set forth in SEQ ID N0:2 (FIG. 
2). 

19. The complement of a nucleic acid according lo claim 
18. 

20. An isolated nucleic acid according to claim 18 or 19, 
which nucleic acid is an avian nucleic acid isolated from 
chicken. 

21. An isolated nucleic acid according to claim 18, 
wherein the polypeptide comprises the amino acid sequence 
set forth in SEQ ID N0:2 (FIG. 2). 

22. The complement of a nucleic acid according to claim 
21. 

23. An isolated nucleic acid according to claim 21 or 22 
which nucleic acid is an avian nucleic acid isolated from 
chicken. 

24. A vector constmct comprising the nucleic acid of 
claim 18 or 21. 

25. The vector constmct according to claim 24, in which 
said nucleic acid is operatively associated with a promoter 
clement capable of expressing the nucleic acid in a host cell. 

26. The vector constmct according to claim 24, in which 
the constmct is a recombinant virus. 

27. The vector construct according to claim 26, in wfaidi 
the recombinant virus is a turkey herpes virus or a fowl pox 
virus. 

« * « * « 



